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DESCRIPTION 

ISOMALTOSE SYNIMASB-KNOCKOIJT MICROORGANISM. 
BELONGING TO \EUMYCOXA 

5 

TECHNICAL FIELD 

The present invention relates to a microorganism used for producing a protein. 
More particularly, the present invention relates to a microorganism that can be used as 
a host for preparing a microorganism for producing a protein, a microorganism for 
10 producing a protein, and a method for producing a protein by using the microorganism. 

BACKGROUND ART 

Filamentous fungi are known to secrete various enzyme proteins to the outside 
of the cell body. By using such a property of filamentous fungi, from old times, 

15 various filamentous fungi, in particular, filamentous fungi such as of the genus 
Aspergillus, have been widely used in brewing field for producing bean paste, soy 
sauce, sake, and the like, and in production of enzyme preparations. As a result of 
breeding for a long time for enhancing the production ability of extracellular enzyme, a 
strain capable of producing several tens grams of enzyme proteins per litter of a culture 

20 solution has been obtained. 

On the other hand, with a recent application of a genetic recombination 
technology, various proteins can be produced. In the production of enzyme proteins 
using recombinant bacteria, as a means for producing a large amount of target 
enzymes, promoters having stronger transcription ability have been searched to be used 

25 from the viewpoint that enhancement of the transcription ability of genes may lead to 
high production. From such a viewpoint, hitherto, various promoters derived from 
filamentous fungi have been isolated and protein production systems using such 
promoters have been reported. For example, a promoter of the amylase gene of 
Aspergillus oryzae (see, for example, Japanese Patent Unexamined Publication No. 

30 S62-272988 and Biotechnology, 5, 368 (1987)), a promoter of the glucoamylase gene 
of Aspergillus nigar (see, for example, Biotechnology, 6, 1419(1988)), and the like, 
have been isolated and used. In addition, enhancement of the ability of promoters by 
introducing an enhancer or modifying a regulation region, and the like, has been 
carried out. According to the production of gene products depending upon the ability 

35 of promoters as mentioned above, the production ability has been more efficiently 
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enhanced as compared with the enhancement of ability by a conventional breeding 
method. However, in order to increase an absolute amount of the production of 
extracellular enzyme proteins, further improvement in breeding of host strains by 
applying a conventional breeding method has been carried out. 

5 

DISCLOSURE OF INVENTION 

In view of the above-mentioned background, an object of the present 
invention is to provide a host microorganism capable of efficiently enhancing an 
expression of a gene encoding a target protein when the gene is introduced. Another 
10 object of the present invention is to provide a transformant capable of producing a 
target protein with high efficiency. Further object of the present invention is to 
provide a production method capable of producing a target protein with high 
productivity. 

In order to solve the above-mentioned problems, the present inventors have 
15 made various investigations while focusing Taka-amylase A of Aspergillus. The 

Taka-amylase A of Aspergillus is a typical inducible enzyme that is induced by starch 
or maltose and suppressed by glucose. The detail analysis of an inducing mechanism 
of Taka-amylase A of Aspergillus has revealed that the transcription induction is 
controlled by AmyR and real transcription inducing substance is isomaltose. It is 
20 revealed that the transcription induction of the Taka-amylase A gene of Aspergillus is 
caused by isomaltose generated as a result of a-glucosidase acting on starch or 
maltose. 

The present inventors focused on a-glucosidase B that is a major isomaltose 
25 synthase in Aspergillus nidulans in the process for elucidating the induction 

mechanism of Taka-amylase A gene of Aspergillus, and produced a mutant strain 
(AagdB strain) lacking the same. Then, the present inventors introduced the 
Taka-amylase A gene into the mutant strain. In the thus obtained transformant, when 
the inducing effect of Taka-amylase A gene was examined by using starch and maltose 
30 as a source of isomaltose, it was found that the Taka-amylase A gene was expressed 

more strongly as compared with a control (a transformant in which the Taka-amylase A 
gene is introduced by using a wild type strain as a host). From these results, the 
following findings were obtained. That is, for the purpose of producing a protein 
encoding a gene that is induced to express by isomaltose, it is extremely effective to 
35 use a microorganism lacking a major isomaltose synthase gene as a host. The present 
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invention was completed based on such a finding and provides the below mentioned 
configurations. 

[1] A microorganism which belongs to Eumycota and lacks a major isomaltose 
synthase gene. 

5 

[2] The microorganism described in [1], which is classified in filamentous fungi. 

[3] Aspergillus nidulans which lacks an a-glucosidase B gene. 

10 [4] A transformant obtained by introducing a foreign gene whose expression is 

induced by isomaltose into a microorganism which belongs to Eumycota and lacks a 
major isomaltose synthase gene. 

[5] The transformant described in [4], wherein the microorganism is classified in 
15 filamentous fungi. 

[6] A transformant obtained by introducing a foreign gene whose expression is 
induced by isomaltose into Aspergillus nidulans which lacks an a-glucosidase B gene. 

20 [7] The transformant described in any of [4] to [6], wherein the foreign gene 
contains the following modified promoter: 

a modified promoter obtained by inserting a first DNA fragment containing 
CCAATNNNNNN (first base sequence: SEQ ID NO: 1) and a second DNA fragment 
CG GNNNNNNNNNG G (second base sequence: SEQ ID NO: 2) into a promoter 

25 capable of functioning in filamentous fungi. 

[8] A method of producing proteins, the method comprising: 

a step of culturing the transformant of any of [4] to [7] under the conditions 
capable of allowing the foreign gene to express; and 
30 a step of collecting the produced proteins. 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 shows a sequence of a promoter region of the Taka-amylase A gene 
(Aspergillus oryzae). 

35 Fig. 2 is a schematic view of a promoter region of the Taka-amylase A gene 
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(Aspergillus oryzae), which shows the position of the transcription controlling factor 
binding sequence (CCAAT sequence, SRE) and the portion in which a mutation is 
introduced. A restriction site introduced by a site-specific mutation is underlined. 
CCAAT denotes a CCAAT sequence (a binding factor of a wide range transcription 
5 activating factor (HAP complex)), SRE denotes a binding factor of a transcription 
activating factor (AmyR) of amylolytic enzyme gene group, TATA denotes a 
TATA-box, and +1 denotes a transcription start point, respectively. 

Fig. 3 shows a process for producing an amylase gene expression vector in 
Example 3. 

10 Fig. 4 is a table summarizing measurement results of the amylase activity in 

Example 4. "N.D." in the table represents "Not Determined." 

BEST MODE FOR CARRYING OUT THE INVENTION 

Hereinafter, the present invention will be described in detail. A first aspect 
15 of the present invention is to provide a microorganism that belongs to Eumycota and 
lacks a major isomaltose synthase gene. The microorganism can be used as a host in 
the case of producing a transformant to be used for producing a certain protein. The 
"microorganism which belongs to Eumycota" of the present invention is not 
particularly limited. An example thereof includes filamentous fungi (including 
20 Chytridiomycota, Zygomycota, Ascomycota, Urediniomycetes and Deuteromycetes) 
such as Aspergillus oryzae, Aspergillus nidulans, Aspergillus niger, Aspergillus 
awamori, Penicillium chrysogenum, Neurospora crassa, Trichoderma ressei, and the 
like. Note here that "filamentous fungi" in the present invention broadly means 
filamentous fungi and includes also yeast (Ascomycota, Basidiomycotina, and 
25 Deuteromycetes) 

The "major isomaltose synthase" of the present invention is an enzyme that is 
most involved in the production of isomaltose in the microorganism. That is to say, 
when the microorganism of interest has different kinds of enzymes having a production 

30 activity of isomaltose, the enzyme having the highest activity among the plurality of 
enzymes corresponds to the major isomaltose synthase herein. It is sufficient that the 
microorganism of the present invention lacks at least a gene encoding such an enzyme. 
For example, the microorganism may also lack an additional gene of another enzyme 
(which may be a plurality of enzymes when two or more enzymes exist) involving in 

35 the production of isomaltose. Specific examples of the isomaltose synthase may 
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include a-glucosidase A, a-glucosidase B, transglucosidase, glucoamylase, and 
isopllulanase. 

The microorganism of the present invention can be produced by selecting an 
5 appropriate microorganism from naturally existing microorganisms or microorganisms 
available from a storage agency, etc. and by submitting the selected microorganism to a 
mutation treatment so that it lacks a gene encoding the major isomaltose synthase. 
An example of the mutation treatment includes, for example, a method in which a 
vector including a gene obtained by providing a mutation to a gene to be lacked is 
10 prepared, and this is incorporated into a chromosome of a host microorganism by 

means of a genetic engineering technique, thereby destroying the target gene existing 
on a chromosome of the host microorganism; a site-specific mutation method, and the 
like. 

15 A second aspect of the present invention relates to a transformant obtained by 

introducing a foreign gene into the above-mentioned host microorganism. 
Concretely, the present invention provides a transformant obtained by introducing a 
foreign gene whose expression is induced by isomaltose into a microorganism that 
belongs to Eumycota and lacks a major isomaltose synthase gene. Such a 

20 transformant of the present invention can be used for the production of proteins. 

The transforming method used for producing the transformant of the present 
invention is not particularly limited and an appropriate method can be selected from 
the well-known methods. For example, it can be conducted by a method by Turner et 
25 al. using, for example, fungus body as a protoplast (see Gene, 36, 321-331 (1985)). 
Besides, a method by Gomi et al. (Agric. Biol. Chem., 51, 323-328 (1987)) may be 
employed. 

When the transformation is carried out by using a vector, the kind of vectors to 
be used is not particularly limited. For example, it is possible to use a vector obtained 
30 by preparing a commercially available vector, which is suitable for transformation in 
relation to the host, and introducing a target gene into this prepared vector. 



35 



It is preferable that a selection marker, which is suitable for selecting the 
transformant when the transformation is carried out, is incorporated into a vector. 
The selection marker, which is suitable in relation to the host to be used, is employed. 
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A specific example of the selection marker may include an auxotrophic complementary 
gene such as an ornithine carbamoyltransferase gene (argB), a nitrate reductase gene 
(niaD), an acetamidase gene (amdS), a tryptophan synthase gene (trpC), a 
dihydrofolate reductase gene (DHFR), etc., and drug resistance gene such as 
5 oligomycin, destomycin, hygromycin, etc., and the like. 

The foreign gene used in the present invention includes a promoter and a 
structural gene (coding region) in principle. However, when a promoter of a host 
microorganism used for the transformation can be used (including a case where an 

10 appropriate promoter was introduced in a host microorganism in advance), as the 

foreign gene of the present invention, a gene without a promoter region, that is, a gene 
including only a coding region, a gene including only a coding region and a terminator, 
or the like, may be used. 

As the promoter, one having a property of being inducible by isomaltose is 

15 used. Meanwhile, as the structural gene, one that is under control of the promoter 
after it is incorporated into a transformant is used. The promoter and the structural 
gene are not particularly limited as long as they satisfy the above-mentioned 
conditions. As a promoter, for example, a promoter capable of being induced by 
isomaltose in a gene encoding a protein in a microorganism belonging to, for example, 

20 the genus Aspergillus, Penicillium, Trichoderma, etc. can be used. More specifically, 
the promoter of gene encoding a-amylase, glucoamylase, a-glucosidase, etc. of the 
genus Aspergillus can be used. Among them, it is preferable to use a promoter of 
Taka-amylase of Aspergillus oryzae. Such a promoter can be obtained from a 
microorganism having it by a genetic engineering technique such as the restriction 

25 enzyme treatment, the PCR method, and the like. Furthermore, when a vector, in 
which the target promoter is incorporated, can be used, a promoter can be obtained 
from such a vector by the restriction enzyme treatment, the PCR method, and the like. 
On the other hand, as the structural gene, for example, a gene encoding a carbohydrate 
active enzyme such as a-amylase, glucoamylase, a-glucosidase, cellulose, pectinase, 

30 etc., a gene encoding a proteinase such as chymosin, a gene encoding lipase, or the 
like, can be used. Note here that a gene encoding a homologous protein or gene 
encoding a heterologous protein may be used. The homologous protein herein 
denotes a protein provided by a host microorganism in nature. On the other hand, the 
heterologous protein herein denotes a protein that is not produced by a host 

35 microorganism in nature, that is, a protein that can be produced only after a gene 
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encoding it is introduced extraneously. 

In transformation, the promoter and the structural gene (encoding region) are 
not required to be provided by the same vector. That is to say, a first vector having a 
promoter to be introduced and a second vector having a structural gene to be 
5 introduced are prepared and both are used for transformation, whereby a transformant 
in which a target foreign gene is introduced may be obtained. 

A modified promoter obtained by modifying a naturally existing promoter can 
be used. Hereinafter, specific examples of the modified promoters are shown. Note 
10 here that in the following description, a function capable of enhancing the promoter 
activity is referred to as "an enhancer function." 

(1) A modified promoter obtained by inserting a first DNA fragment containing 
CCAATNNNNNN (first base sequence: SEQ ID NO: 1) and a second DNA fragment 
containing CGGNNNNNNNN N GG (second base sequence: SEQ ID NO: 2) into a 

15 promoter capable of functioning in filamentous fungi. 

(2) The modified promoter described in (1), wherein the first base sequence is 
CCAATTAGAAG (SEQ ID NO: 3). 

(3) The modified promoter described in (1) or (2), wherein the second base sequence 
is CGGHNWWWWNWHGG (SEQ ID NO: 4). 

20 (4) The modified promoter described in (1) or (2), wherein the second base sequence 

is CGGWWWWWWWWHGG (SEQ ID NO: 5). 

(5) The modified promoter described in (1) or (2), wherein the second base sequence 

is CGGAAATTTAAAGG (SEQ ID NO:6), CGGAATTTAAACGG (SEQ ID NO: 7) or 

CGGAAATTTAACGG (SEQ ID NO: 8). 
25 (6) The modified promoter described in one of (1) to (5), wherein the first DNA 

fragment and the second DNA fragment are inserted in a way in which the first DNA 

fragment and the second DNA fragment are aligned in this order from the side of 5' 

terminal to the side of 3' terminal. 

(7) The modified promoter described in (6), wherein the first DNA fragment and the 
30 second DNA fragment are inserted in an upstream region at the side of 5' terminal from 

a CCAAT sequence existing in the promoter or in a downstream region at the side of 3' 
terminal from a SRE region existing in the promoter region. 

(8) The modified promoter described in any of (1) to (7), wherein a plurality of the 
first DNA fragments and a plurality of the second DNA fragments are inserted. 

35 (9) The modified promoter described in (8), wherein the same number of the first 
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DNA fragments and the second DNA fragments are inserted. 

(10) The modified promoter described in (9), wherein the first DNA fragment and 
the second DNA fragment form a pair and the first DNA fragment and the second DNA 
fragment are inserted in the promoter so that the first DNA fragment is located at the 

5 side of 5' terminal in each pair. 

(11) A modified promoter obtained by inserting one to several DNA fragments 
having base sequence of SEQ ID NO: 9 or DNA fragments a part of which are 
modified and which has an enhancer function into a promoter capable of functioning in 
filamentous fungi. 

10 (12) The modified promoter described in any of (1) to (11), wherein the promoter 
capable of functioning in the filamentous fungi is a promoter of Taka-amylase of 
Aspergillus oryzae. 

Note here that in the above, N denotes any of A, T, C and G. 

15 The first DNA fragment and the second DNA fragment in the 

above-mentioned modified promoters can be synthesized by using, for example, a 
commercially available DNA synthesizer. Furthermore, they can also be prepared by 
the PCR method using an appropriate primer by using a promoter region of, for 
example, the Taka-amylase A gene of Aspergillus oryzae as a template. 

20 The modified promoter can be produced by preparing a DNA fragment 

containing the first DNA fragment and the second DNA fragment and incorporating the 
thus prepared DNA fragment into a promoter functioning in filamentous fungi. Such 
a DNA fragment can be prepared by selecting a promoter including sequences 
corresponding to the first DNA fragment and the second DNA fragment from the 

25 promoters in, for example, the genera Aspergillus, and carrying out the PCR method 
using the selected promoter as a template. An example of a suitable promoter that 
can be used as a template may include a promoter (SEQ ID NO: 12) of the 
Taka-amylase A gene of Aspergillus oryzae. One example of the base sequence of the 
DNA fragment to be used for the modification of the promoter is shown in SEQ ID 

30 NO: 9. This DNA fragment (CCAAT-SRE fragment) is a part of the promoter region 
in the Taka-amylase A gene of Aspergillus oryzae (sequence from positions 240 to 367 
(sequence from positions -312 to -185 when the initiation site is defined as +1)). 
Note here that even in a case where a part of this DNA fragment is modified, it can be 
used for the modification of a promoter region as long as it has a function for 

35 enhancing the activity of the promoter to be incorporated (enhancer function). 
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Herein, modification of "a part of this DNA fragment is modified" is intended to 
include a case where a part of the base sequence constituting a DNA fragment is 
substituted or deleted, or a case where one to several bases are added or inserted. The 
level in which such a modification is accepted depends upon the site on the DNA 
5 fragment to be modified. Since a part that is important to the enhancer function is a 
part of the sequence corresponding to the first DNA fragment and the second DNA 
fragment, it is preferable that the level of the modification on the part is as small as 
possible. On the other hand, since it is expected that other parts are not involved in 
the enhancer function, relatively large modification is thought to be acceptable. For 
10 example, 1 to 20, preferably 1 to 10, and further preferably 1 to 5 bases can be 

substituted, deleted and added, etc. Note here that such a modification may include 
an introduction of a sequence cut by a restriction enzyme or addition of a sequence 
encoding a signal peptide, and the like, into 5' terminal and 3' terminal or other sites. 

15 In the above-mentioned modified promoter, a modified promoter is 

constructed by inserting a first DNA fragment and a second DNA fragment 
(hereinafter, these DNA fragments and DNA fragment containing the same together 
will be referred to as "DNA fragment having an enhancer function") into a promoter 
capable of functioning in filamentous fungi. Herein, the insertion sites of these DNA 

20 fragments are not particularly limited. However, when a promoter having a CCAAT 
sequence and SRE is employed as a promoter to be modified, the insertion sites are 
preferably at the site other than the site between these two sequences. That it to say, 
it is preferable that a DNA fragment having an enhancer function is inserted in the site 
at 5' terminal side from the CCAAT sequence or the site at 3' terminal side from the 

25 SRE. 

The modified promoter can be produced by inserting a plurality of the first 
DNA fragments and a plurality of the second DNA fragments into the promoter 
capable of functioning in filamentous fungi. In this case, it is preferable that the same 
30 number of the first DNA fragments and the second DNA fragments are used. 
Furthermore, it is preferable that one first DNA fragment and one second DNA 
fragment form a pair and the first DNA fragment and the second DNA fragment are 
inserted in the promoter so that the first DNA fragment is located at the side of 5' 
terminal in each pair. 

35 Also in the case where the DNA fragment containing the first DNA fragment 
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and the second DNA fragment is used, a promoter may be modified by inserting a 
plurality of the fragments. Also in this case, when a promoter having a CCAAT 
sequence and SRE is employed as a promoter to be modified, it is preferable that the 
insertion sites are preferably at the site other than the site between these two 
sequences. 

The improvement of the promoter activity can be further expected by 
modifying a promoter by incorporating a plurality of DNA fragments having an 
enhancer function. 

The kind of a promoter capable of functioning in filamentous fungi used for 
the production of a modified promoter is not particularly limited as long as it has a 
feature of functioning in filamentous fungi. A promoter of a gene encoding a protein 
in a microorganism of, for example, the genus Aspergillus, Penicillium, Trichoderma, 
etc. can be used. More specifically, a promoter of a gene encoding a-amylase, 
glucoamylase, a-glucosidase, etc. of the genus Aspergillus can be used. Among 
them, it is preferable to use a promoter of Taka-amylase of Aspergillus oryzae. Such 
promoters can be obtained from microorganisms having them by a genetic engineering 
technique such as the restriction enzyme treatment, the PCR method, and the like. 
Furthermore, when a vector, in which the target promoter is incorporated, can be used, 
a promoter can be obtained from such a vector by the restriction enzyme treatment, the 
PCR method, and the like. 

A target protein can be produced by culturing the transformant of the present 
invention under conditions capable of expressing the introduced foreign genes. An 
appropriate culture medium can be used in accordance with the transformant to be 
used. For example, it is possible to use various kinds of commercially available 
media or medium which is composed by adding components such as arginine, uridine, 
etc. that are necessary for the growth and selection of a transformant and promoting of 
the expression of protein into one of the media. 

The target proteins are collected from a culture solution in which the 
transformant was cultured for a predetermined time or a cell body. When proteins are 
of a secretion type, they are collected from a culture solution, and when proteins are of 
other type, they can be collected from a cell body. When proteins are collected from 
the culture solution, the target protein can be obtained by removing insoluble 
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substances via filtration and centrifugation of the culture supernatant, followed by 
separating and purifying via the combination of salting-out such as ammonium sulfate 
precipitation, dialysis, various chromatographies, and the like. On the other hand, 
when proteins are collected from the cell body, for example, the target protein can be 
5 obtained by separating and purifying as mentioned above after the cell bodies are 

crushed by pressure treatment, ultrasonic treatment, etc. Note here that after the cell 
bodies are collected from the culture solution in advance by filtration, centrifugation, 
and the like, the above-mentioned series of steps (crush, separation, and purification of 
the cell body) may be carried out. 

10 

[Examples] 

Hereinafter, the present invention will be described in more detail with 
reference to Examples, but the present invention is not necessarily limited thereto. 
[Example 1] Purification of a-glucosidase B (agdB) and cloning of agdB gene 

15 (1-1) Purification of a-glucosidase B and Enzymatic Characteristic 

Aspergillus nidulans ABPU1 (pyrG89,biAl, wA3, argB2, pyroA4 : Mol. Gen. 
Genet. (1997) 253: 520-528, Motoyama, T., M. Fujisawa, N. Kojima, H. Horiuchi, A. 
Ohta and M. Takagi.) was inoculated so that the number of spores became 10 6 /ml on a 
minimum medium (2L) containing 2% starch as a carbon source, and shake-cultured at 

20 37°C for 24 hours. Cell bodies were separated by suction filtration, frozen with 

liquid nitrogen, and then crushed into powder in the presence of liquid nitrogen. 5 ml 
of extraction buffer (0.2 M MES-KOH buffer (pH 5.5) containing 0.5% Triton X-100, 
1 mM EDTA and 2 mM PMSF) per 1 g in wet weight of the cell bodies was added so 
as to allow the cell bodies to be suspended, followed by homogenization with 

25 polythoron. Centrifugation (16,000 x g, at 4°C for 30 minutes) was carried out and 
the resultant supernatant was used as a cell extract. From this cell extract, 
a-glucosidase B was purified as follows. 

The cell extract was dialyzed in 20 mM MES-KOH buffer (pH 5.5) containing 
30 1 mM EDTA and 0.5 mM PMSF, and then applied to DEAE-Tyopearl 650M column 
(2.5 x 10 cm) that had been equilibrated with 20 mM MES-KOH buffer (pH 5.5) in 
advance. Proteins adsorbed to this column were eluted with linear concentration 
gradient of 200 ml of 0-0.5 M NaCl. A major active fraction of a-glucosidase eluted 
with 0.1 M NaCl was collected and dialyzed in 20 mM MES-KOH buffer (pH 5.5) 
35 containing 1.5 M ammonium sulfate. This active fraction was allowed to adsorb to a 
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Phenyl SepharoseCL-4B column (1 x 12 cm) that had been equilibrated in the same 
buffer, and eluted with linear concentration gradient of 40 ml of 1.5-0 M ammonium 
sulfate. Active fractions eluted with 0 M ammonium sulfate was collected and 
dialyzed in 20 mM HEPES-KOH buffer (pH 7.4), and then concentrated to 1 ml by 
5 Centriprep YM-10. This concentrated sample was applied to Resource Q column that 
had been equilibrated with the same buffer. Resource Q column chromatography was 
carried out by using AKTA explorer 10S system. Proteins adsorbed to this column 
were eluted with linear concentration gradient of 60 ml of 0-1 M NaCl. An active 
fraction that had been eluted at salt level of 0.3 M was dialyzed in 20 mM 
10 HEPES-KOH buffer (pH 7.4) so as to form a purified enzyme. 

This purified enzyme was constituted by 74 kDa and 54 kDa subunits and had 
optimum pH of 5.5, and exhibited pH stability in pH 5.0 to pH 8.5 and temperature 
stability of 90% or more in the temperatures of up to 45°C. The enzyme activity of 

15 this purified enzyme was completely lost in conditions of pH 4.0 or less, pH 11.0 or 
more and temperatures 60°C or more. 

This enzyme has a transglycosylation activity of position-selectively forming 
a- 1,6 glucoside binding in addition to a decomposing activity. This enzyme 
exhibited high hydrolysis activity with respect to maltooligosaccharide and the highest 

20 reactivity with respect to maltotriose, and the reactivity of this enzyme was lowered in 
maltotetraose and maltopentaose in this order, which suggested that this enzyme 
exhibited lower reactivity with respect to maltooligosaccharide with higher 
polymerization. Furthermore, this enzyme also exhibited a hydrolysis activity with 
respect to isomaltose, nigerose, koji-biose and a,a-trehalose. However, this enzyme 

25 hardly exhibited an activity with respect to p-nitrophenyl glucoside, saccharose and 

starch. Furthermore, with the transglycosylation activity of this enzyme, glucose and 
a plurality of transglycosylated products were synthesized from maltose. The major 
transglycosylated products included isomaltose and panose. Six hours after the 
reaction started, transglycosylated products were produced in an amount corresponding 

30 to about 50% of maltose that had been added as a substrate. 60% of the 

transglycosylated products was isomaltose. Furthermore, when koji-biose and 
nigerose were used as a substrate, isomaltose was produced; and when isomaltose was 
used as a substrate, isomaltotriose was produced. 

35 (1-2) Cloning of a-glucosidase B gene 
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The above-mentioned purified enzyme preparation was applied to SDS-PAGE 
so as to separate 74 kDa and 55 kDa subunits, which were transferred to a Sequi-Blot 
PVDF membrane. Bands corresponding to 74 kDa and 55 kDa subunits were cut out 
from the membrane, and N-terminal amino acid sequence was determined with the use 
5 of a protein sequencer, Applied Biosystems model 473A. The N-terminal amino acid 
sequences of the 74 kDa and 55 kDa subunits were SQAG VDPLDRPGNDYVKD and 
QSHRQLGAGRWRSAVRH, respectively. Furthermore, in order to determine the 
internal amino acid sequence of each of the 74 kDa and 55 kDa subunits, purified 
enzyme was applied to SDS-PAGE so as to separate both subunits each of which was 

10 electrically eluted from acrylamide. Each of the subunits was decomposed by 

lysylendopeptidase, and the resultant peptide was fractioned by 15% SDS-PAGE and 
transferred to PVDF membrane electrophoretically. The N-terminal amino acid 
sequence of each major band was determined by using a protein sequencer. The 
N-terminal amino acid sequences of the major peptide (30 kDa) derived from the 74 

15 kDa subunit and the major peptide (15 kDa) derived from the 55 kDa subunit were 
THLPQNPHLYGLGE and DVSHWLGDNISDWLSYRLSI, respectively. 

Based on the N-terminal and the internal amino acid sequences of the 74 kDa 
subunit, N-terminal primers Nl (5 ' - ARGCNGGNGTIG AYCCIYTNGA-3 ' ) and N2 

20 (5 ' - YTNGAYMGICCNGGIAAYGA-3 ') as well as primers corresponding to the 

internal amino acid sequence, II (5 ' -CCRTAN ARRTG IGGRTT YTGNGG-3 ' ) and a 
primer 12 (5 ' -TGIGGRTTYTGNGGIARRTGNGT-3 ') were designed, and they were 
submitted to a PCR. The PCR was carried out by using A. nidulans chromosome 
DNA as a template and primers Nl and II. By using a part of the PCR product and 

25 primers N2 and 12, a PCR was carried out again, and a DNA fragment of a part (440 
bp) of the agdB gene was amplified. A. nidulans chromosome DNA was digested 
with //f/idlll, and the //mdlll-digestd DNA fragment was fractioned in accordance 
with the sizes by agarose electrophoresis. 5-7 kb DNA fragment that hybridizes the 
above-mentioned 440 bp of DNA fragment was linked to pBluescript II KS+ 

30 (STRATAGENE) so as to transform Escherichia coil, JM109 (STRATAGENE). 

Then, a transformant strain that hybridizes 440 bp DNA fragment was obtained. This 
transformant strain had 5.6 kb Hin&lW DNA fragment containing the agdB gene. This 
plasmid was named pGBH6. The base sequence of the cloned DNA fragment was 
determined by the use of Ll-COR model 4000 DNA sequencer by the method by 

35 Sanger, et al. The agdB gene is made of 3,055 bp containing three short introns of 57 
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to 72 bp and encodes 995 amino acid residues. The base sequence (SEQ ID NO: 27) 
of this gene was registered in DDBJ/EMBL/GenBank. The accession number is 
AB057788. Chemically determined N-terminal amino acid sequences of 74 kDa and 
55 kDa subunits correspond to the estimated amino acid sequence at position 21 to 39 
5 and amino acid sequence at position 515 to 531, respectively. Furthermore, the 

internal amino acid sequences of both subunits also correspond to the estimated amino 
acid sequences at position 167 to 187 and position 637 to 656, respectively. These 
results show that a-glucosidase B is synthesized as one polypeptide precursor and 
formed in a hetero dimer structure through processing. The amino acid sequence 
10 from the N-terminal to the 20th amino acid has a typical characteristic of a signal 
peptide, which suggests that this enzyme is a secretion enzyme. 

[Example 2] Production of modified promoter 
(2-1) Sub-cloning of promoter region 

15 The Taka-amylase A gene promoter region and the Taka-amylase A gene coding 

region were prepared by using pTG-taa [Mol. Gene. Genet., 254, 119-126 (1997)] 
containing the Taka-amylase A gene (taaG2) (3164bp) [Gene, 84, 319-327 (1989)] of an 
Aspergillus oryzae JCM02239 strain as the starting material. 

First of all, from pTG-taa, 750 bp of EcoRI-Sall fragment containing the 

20 Taka-amylase A (taaG2) promoter region was obtained. This fragment was inserted 
into the EcoRI-Sall site in the multi-cloning site of plasmid pKF18K (TOYOBO CO., 
LTD.) and thereby a plasmid pKF-taaP containing the Taka-amylase promoter was 
obtained. The operation of introducing mutation into the promoter region and the 
construction of the modified promoter region were carried out by using this plasmid. 

25 

(2-2) Obtaining of DNA fragment containing transcription control factor binding 
sequence 

A fragment containing a previously reported binding factor of wide range 
transcription activating factor (HAP), a CCAAT sequence [Mol. Gen. Genet., 237, 
30 251-260 (1993)] and a binding factor of a transcription activating factor (AmyR) of 
amylolytic enzyme gene groups, SRE [Mol. Gen. Genet., 262, 668-676 (1999)] was 
obtained as follows. 

First of all, a DNA fragment containing the CCAAT sequence alone was 
obtained by synthesizing XNF 
35 (S'-CCGCTCGAGGCACCATCCAATTAGAAGCGCGGCCGCTAAACTAT-S': SEQ ID 
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NO: 13) as synthesized DNA added with a Xhol site and a Notl site at the 5' terminal 
side and 3' terminal side of the CCAAT sequence, and XNR 

(5'-ATAGTTTAGCGGCCGCGCTTCTAATTGGATGGTGCCTCGAGCGG-3': SEQ ID 
NO: 14) as a complementary strand of this sequence; mixing complementary strands of 
5 these synthesized DNA; and heating the mixture at 98°C for 10 minutes, cooling down 
to 30°C for two hours, and then cooling down to 4°C for annealing. 

On the other hand, a DNA fragment containing the SRE alone was obtained by 
synthesizing SREf 

10 (5'-GACTAGTTAACCTAGGGGCGGAAATTTAACGGGA^ SEQ 
ID NO: 15) as a synthesized DNA added with a Spel site and a Hindi site at the 5' 
terminal side and 3' terminal side of SRE, respectively, and SREr 

(5'-GACTAGTTAACATCCCGTTAAATTTCCGCCCCTAGGTTAACTAGTC-3': SEQ 
ID NO: 16) as a complementary strand of this sequence, and by carrying out the same 
15 method as mentioned above. Hereinafter, the DNA fragment including only the 

CCAAT sequence which was produced herein is referred to as "CCAAT fragment," and 
the DNA fragment which includes only the SRE is referred to as "SRE fragment," 
respectively. 

20 Then, a DNA fragment containing a region from the CCAAT sequence to the 

SRE (SEQ ID NO: 9, referred to as "a CCAAT-SRE fragment," hereinafter) was 
obtained by using the following primers and pKF-taaP prepared in (2-1) as a template 
through carrying out 30 cycles of PCRs. One cycle includes at 94°C for 30 seconds, 
54°C for 30 seconds and 72°C for 90 seconds of reactions. Note here that two kinds of 

25 fragments, that is, a fragment including a Pstl site (SEQ ID NO: 10, hereinafter, referred 
to as "CCAAT-SRE (Pstl) fragment") and a fragment including an Xhol-Notl site (SEQ 
ID NO: 11, hereinafter, referred to as "CCAAT-SRE (Xhol-Notl) fragment") were 
produced. 

30 Upstream primer added with Pstl site 

CSPf: 5'-AAACTGCAGACCACCTCTAGGCATCGGACG-3' (SEQ ID NO: 17) 
Downstream primer added with Pstl site 

CSPr: S'-TTTCTGCAGTGTTGATTTGTGGTTGAGTGG-S' (SEQ ID NO: 18) 
Upstream primer added with Xhol site 
35 CSXf: S'-CGGCTCGAGGCATCGGACGCACCATCC-S' (SEQ ID NO: 19) 
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Downstream primer added with Notl site 

CSNr: 5'-ATAGTTTAGCGGCCGCCGACTGTGATTTGTGGTTGAGTGG-3' (SEQ 
ID NO: 20) 

5 (2-3) Construction of plasmid containing modified promoter 

A mutation was introduced into the Taka-amylase A gene promoter region as 
follows. First of all, in order to introduce a restriction site for modifying a promoter 
region into pKF-taaP prepared in (2-1), a site-specific mutation was introduced into 
pKF-taaP by using the following primers and Mutan-Super Express Km Kit (TAKARA). 
10 Note here that a sequence of a wild type promoter (SEQ ID NO: 12) is shown in Fig. 1 
and the position of the introduced restriction site is shown in Fig. 2. 

A primer for introducing a Notl site into a downstream region (position 465 in 
the Taka-amylase promoter shown in SEQ ID NO: 12): 
15 Not-b: 

5'-CGCTTGGATTCCCCGCCCGCGGCCGCAGAGCTTAAAGTATGTCCC-3' (SEQ 
ID NO: 21) 

A primer for introducing an Xhol site into a downstream region (position 440 in 
the Taka-amylase promoter shown in SEQ ID NO: 12): 
20 Xho-b; 

S'-GAATGCAATTTAAACTCTTCCrCGAGTCGCTrGGATTCCCCGCCC-S' (SEQ ID 
NO: 22) 

A primer for introducing a Notl site into an upstream region (position 153 in the 
25 Taka-amylase promoter shown in SEQ ID NO: 12): 
Not -a: 

5'-GTAGTAAAACCCCGGAGTCAGCGGCCGCCAAGCCCAAGTCCTTCACG-3' 
(SEQ ID NO: 23) 

A primer for introducing an Xhol site into an upstream region (position 128 in 
30 the Taka-amylase promoter shown in SEQ ID NO: 12): 
Xho-a: 

5'-CGTCAAGGGATGCAAGACTCGAGTAGTAAAACCCCGGAGTC-3' 
(SEQ ID NO: 24) 

35 A primer for introducing a Notl site into a region sandwiched between the 
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CCAAT sequence and SRE (the position 252 in the Taka-amylase promoter shown in 
SEQ ID NO: 12): 
Not: 

5'-GCACCATCCAATTAGAAGCGCGGCCGCGAAACAGCCCAAGAAAAAGG-3' 
5 (SEQ ID NO: 25) 

A primer for introducing a Spel site into a downstream region (position 490 in 
the Taka-amylase promoter shown in SEQ ID NO: 12): 

STATA: 5 ? -TAAAGTATGTCACTAGTCGATGCGAT-3' (SEQ ID NO: 26) 

10 Then, the CCAAT fragment prepared in (2-2) was cut with Xhol and Notl, 

submitted to agarose gel electrophoresis and then collected and purified. The 
resultant DNA fragment was inserted into an Xhol-Notl site that had been introduced 
into the downstream region of the promoter as mentioned above, whereby a plasmid 
pKF-CCAATb containing a modified promoter PCCAATb was produced. Similarly, 

15 a plasmid pKF-SREb containing a modified promoter PSREb in which a DNA 

fragment obtained by cutting the SRE fragment prepared in (2-2) with Hindi was 
inserted into the Xhol-Notl site in the downstream region of the promoter; a plasmid 
pKF-PCSP containing a modified promoter PCSP in which a DNA fragment obtained 
by cutting the CCAAT-SRE (PstT) fragment prepared in (2-2) with Pstl was inserted 

20 into a Pstl site in the downstream region of the promoter; and a plasmid pKF-PCSb 
containing a modified promoter PCSb in which a DNA fragment obtained by cutting 
the CCAAT-SRE (Xhol-Notl) fragment prepared in (2-2) with Xhol and Notl was 
inserted into a Xhol-Notl site in a downstream region of the promoter were produced, 
respectively. Furthermore, the CCAAT-SRE (Xhol-Notl) fragment was cut with Xhol 

25 and Notl, and then the collected and purified fragments were inserted into an Xhol-Notl 
site of the downstream region of the promoter. Thereafter, by inserting the 
CCAAT-SRE (Pstl) fragment into the Pstl site, the plasmid pKF-PCSPb containing a 
modified promoter PCSPb in which the CCAAT-SRE fragment was inserted into two 
positions was prepared. 

30 

[Example 3] Construction of expression vector of amylase gene 

Fig. 3 shows a process of producing an amylase gene expression vector. First 
of all, after plasmid pUC18 (TOYOBO CO., LTD.) was digested with Sail, blunted by a 
Klenow treatment, and self-ligated so as to obtain a plasmid pUC18 (S-) that lacks a Sail 
35 site. On the other hand, an EcoRl fragment of the Taka-amylase A gene was isolated 
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from a plasmid pTG-taa. This fragment was inserted into the EcoRl site in the 
multi-cloning site of pUC18(S-) so as to obtain pUC-taa(S-). This plasmid, pUC-taa 
(S-), was partially decomposed with EcoRl so as to obtain a plasmid pUC-taa that lacks 
an EcoRl site at the 3 ? terminal side of the taaG2 gene. Similarly, a plasmid pBlue 
5 (XSE-) that lacks Xhol, Sail and BamHl of pBluescriptll KS (+) was obtained. 

Then, an EcoRI-Hindlll fragment containing taaG2 was isolated from pUC-taa, 
and this fragment was inserted into the EcoRI-Hindlll site in the multi-cloning site of the 
plasmid pBlue (XSE-) so as to obtain a plasmid pBlue-taa containing taaG2, 

10 Then, an EcoRl-Sall fragment of a modified promoter region was isolated 

from a plasmid pKF-taaPM series (pKF-CCAATb, pKF-SREb, pKF-PCSP, pKF-PCSb 
or pKF-PCSPb) containing the modified promoter obtained in (2-3) and inserted into 
the EcoRl-Sall in the multi-cloning site of a plasmid pBlue-taa so as to obtain a 
plasmid pBlue-taaM in which the modified promoter region and the taaG2 gene were 

15 connected to each other. An Xbal-BamHl fragment of the taaG2 gene containing a 
modified promoter was isolated from pBlue-taaM and incorporated into the 
Xbal-BamHl site in the multi-cloning site of a plasmid pBAR7 (a plasmid in which the 
argB gene that lacks C terminal derived from Aspergillus nidulans into pBluescriptll 
KS (+)) so as to obtain as a plasmid pBAR-taaM series (pBAR-CCAATb, 

20 pBAR-SREb, pBAR-PCSP, pBAR-PCSb and pBAR-PCSPb) for measuring the 
promoter activity. Note here that a plasmid having a wild type promoter was 
produced by the similar procedure and this was defined as pBAR-taa. 

[Example 4] Obtaining of transformant having strain that lacks a-glucosidase B as host 
25 (4-1) Construction of a-glucosidase B (agdB) gene disruption strain 

pGBS5 was constructed by sub-cloning a part (4.9 kb) of a Sad fragment 
(-3,132 to +1,689) of the agdB gene contained in the plasmid pGBH6 obtained in (1-2) 
to pBluescriptll KS(+). pGBA8 was constructed by linking Clal-Hindlll 4.9 kb 
fragment (+222 to +4,726) of pGBH6 and Apal-Clal 3.1 kb fragment (-2,834 to +221) 
30 that had been prepared from pGBS5 to pBluescript IIKS+ that had been digested with 
Apal and ClaL A plasmid pGBAP2 for destroying the agdB gene was constructed by 
substituting a /II fragment (corresponding to -181 to +3,435 of the agdB gene) by a 
Bspl 2.0 kb fragment containing the N. crassa pyr4 gene. Note here that Bspl 2.0 kb 
fragment was prepared from pTGl (Mol. Gen. Genet. (1997) 254: 119-126, M. Kato, 
35 A. Aoyama, F. Naruse, T. Kobayashi, and N.Tsukagoshi) containing the pyr4 gene. 
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Then, 5.9 kb Kpnl-Spel fragment containing the agdB gene destroyed from pGBAP2 
was prepared, and A nidulans ABPU1 was transformed so as to obtain AagdB strain 
DBP9. The insertion of the pry4 gene into the agdB site was confirmed by Southern 
blotting analysis. Note here that this strain is deposited with the following depositary 
5 agency. 

Accession number: FERM P-19070 

Depositary agency: National Institute of Advanced Industrial Science and 
Technology, International Patent Organism Depositary 

Chuo No. 6, 1-3, Higashi 1-chome, Tsukuba-shi, Ibaraki-ken, 305-8566, Japan 
10 Deposition date: October 18, 2002 

(4-2) Transformation 

Transformation of filamentous fungi was carried out as follows. First of all, 
after each of the plasmids pBAR-taa, pBAR-PCSb and pBAR-PCSPb was digested with 

15 EcoRV, operations of phenol/chloroform extraction and ethanol precipitation were 

carried out and purified plasmid was used for transformation. The transformation was 
carried out as follows. A strain DBP9 ((pyrG89) biAl wA3 argB2 pyroA4 
AagdB: :pyr4) lacking a-glucosidase of Aspergillus nidulans obtained in (4-1) and an 
Aspergillus nidulans ABPU1 strain {biAl pyrG89 wA3 argB2 pyroA4) as a control strain 

20 were shake-cutured over night at 37°C in a medium obtained by adding necessary 
nutrients (arginine, uridine, pyridoxine and biotin) to a complete medium (2% malt 
extracts, 2% glucose and 0.1% bactopeptone). Then, the obtained cell bodies were 
suspended in a cell wall lytic solution [20 mg/ml Yatalase (Takara Shuzo Co., Ltd.) and 
0.8 M NaCl and 10 mM phosphate buffer solution (pH6.0)] and shaken gently at 30°C 

25 for 1 to 2 hours so as to obtain protoplasts. The obtained protoplasts were filtrated 
through a nylon filter, thereby removing the remaining cell bodies. Then, by using 
these protoplasts and each of the purified plasmids, transformation was carried out by a 
method by Turner et al. [Gene, 36, 321-331 (1985)]. Consequently, 20 to 40 strains of 
transformant capable of growing in a medium without containing arginine (Czapek-Dox 

30 agar (0.2% NaN0 3 , 0.1% K 2 HP0 4? 0.05% KC1, 0.05% MgS0 4 -7H 2 0 and 2% glucose 
(pH5.5)) were obtained per each plasmid. 



35 



(4-3) Selection of transformant by Southern blotting analysis 

A genomic DNA was prepared from each transformant strain as follows. First 
of all, a transformant strain was shake-cultured over night at 37°C in a medium obtained 
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by adding necessary nutrients (uridine, pyridoxine and biotin) to a complete medium, 
then the obtained cell bodies were collected with a Buchner funnel and filter paper No. 2 
(Advantech) and washed in sterile water. Extra water was removed, followed by 
freezing it at -80°C and drying it with the use of FREEZONE (LABCONCO). After 
drying, 1 mm of glass balls were added so as to crush the cell bodies into fine powders 
by using Multibeads Shocker (Yasui Kikai Corporation) at 2000 rpm for 5 minutes. To 
the crushed cell bodies, an extract solution [1% hexadecylmethylammoniumbromide, 0.7 
M NaCl, 50 mM Tris-HCl, 10 mM EDTA and 1% B-mercaptoethanol] was added, stirred 
and allowed to stand for 30 minutes at room temperature. The obtained lysate was 
phenol/chloroform extracted so as to remove contaminating proteins, followed by adding 
an equal amount of isopropanol so as to precipitate DNA. These precipitates were 
dissolved in a TE solution containing 0.1 mg/ml RNase to effect a reaction at 37°C for 
30 minutes. Furthermore, a TE solution containing 0.2 mg/ml proteinaseK was added 
to effect a reaction at 37°C for 30 minutes. This solution was phenol/chloroform 
extracted and allowed to precipitate in 2.5-fold volume of cold ethanol. These 
precipitates were rinsed with 70% ethanol, dried and then dissolved in a TE solution. 
The resultant solution was defined as a genomic DNA solution. 

In Southern blotting analysis, genomic DNA was digested with PvwII or EcoRV, 
followed by separation by agarose gel electrophoresis so as to blot on nylon membrane 
(Roche Japan). Then, about 1000 bp of Bglll-Smal digested product of taaG2 was 
detected as a probe. At this time, labeling of probes and detection of signals were 
carried out by using DIG nucleic acid detection kit (Roche Japan). 

From the results of Southern blotting analysis, a transformant strain suitable for 
comparison of the amylase producing ability of strains used as a host, that is, a 
transformant strain in which one pair of plasmids were complimentarily incorporated 
into an argB locus and which is capable of comparing the amylase producing ability 
without being affected by the position to be incorporated in the chromosome and by the 
number of copies of genes to be introduced was selected arbitrarily. Herein, two or 
more transformant strains per plasmid used were selected. 

[Example 5] Comparison of amylase activities 

By using each of the transformants obtained in Example 4 into which 
pBAR-taa, pBAR-PCSb and pBAR-PCSPb were respectively incorporated, the amylase 
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producing ability was compared by the following procedure between in the case where a 
strain lacking a-glucosidase B was used as a host and in the case where a strain lacking 
an ABPU1 strain was used as a host. 

Firstly, each transformant was plated radially on an agar medium obtained by 
5 adding necessary nutrients (uridine, pyridoxine and biotin) to a minimum medium (0.9% 
NaN0 3 , 0.05% KC1, 0.15% KH 2 P0 4 , 0.15% Trace element, 0.05% MgS0 4 -7H 2 0, and 
1% glucose (pH6.5)) and cultured at 37°C for three days. Thereafter, from this agar 
medium, conidiospores were suspended in a solution for suspending spores (0.01% 
tween80 and 0.8% NaCl) and filtrated with cotton so as to prepare a spore solution. 

10 1x10 s conidiospores from this spore solution were inoculated on a medium obtained by 
adding necessary nutrients other than arginine (uridine, pyridoxine and biotin) to an SP 
medium (1% Starch, 1% polypeptone, 0.5% KH 2 P0 4 , 0.1% NaN0 3 and 0.05% 
MgS0 4 -7H 2 0 (pH6.5)) or an MP medium (1% Maltose, 1% polypeptone, 0.5% KH 2 P0 4 , 
0.1% NaN0 3 , and 0.05% MgS0 4 -7H 2 0 (pH6.5)), and shake-cultured at 37°C for 36 

15 hours, followed by separating cell bodies from supernatants with a Buchner funnel and 
filter paper. The supernatant was used as an enzyme solution. 

The amylase activity was measured by preparing 150|xl of reaction system by 
adding the enzyme solution to 20 mM sodium acetate buffer, 10 mM CaCl 2 and 2% 

20 Soluble Starch (nachalai tesque); reacting them at 37°C for 20 minutes to produce 

reduction sugar; and quantifying the amount of the thus produced reduction sugar by a 
Nelson-Somogyi method. Furthermore, an amount of enzyme allowing glucose to 
release at 1 jxmol/minute was defied as 1 unit. Then, an amount of produced amylase 
from the measured value of the amylase activity was calculated and the amylase 

25 producing ability was compared by the following procedure between in the case where a 
strain lacking a-glucosidase B was used as a host and in the case where a strain lacking 
an ABPU1 strain was used as host. 

The measurement results of the amylase activity are shown in Fig. 4. The 
30 production amount of amylase when the transformant of the taaG2 gene using a AagdB 
strain as a host was cultured in a medium containing starch as a C source was about six 
times as that using an ABPU1 strain as a host. This is thought to be because the 
decomposition of isomaltose that is an inducer is suppressed due to the lack of 
a-glucosidase B and the inducing effect is continued. From this result, it was 
35 confirmed that the lack of a-glucosidase B was very effective in enhancing the amylase 
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producing ability. 

Next, the amylase activity under the condition where culturing was carried out 
on the MP medium using maltose as a C source was measured. The production amount 
5 of amylase in the case of using a transformant of the taaGl gene using the AagdB strain 
as a host was about seven times as that using the ABPU1 strain as a host. The 
production amount of amylase by a strain in which a modified promoter (PCSb or 
PCSPb) was incorporated using a AagdB strain as a host was about two times as that 
using the ABPU1 strain as a host. These results showed that when the C source such as 
10 maltose that synthesizes isomaltose easily was used for a medium, the use of a host that 
lacks the agdB gene could further enhance the amylase producing ability. Furthermore, 
it was revealed that the use of a modified promoter could provide higher productivity. 
Note here that as shown in Fig. 4, the maximum production amount of amylase obtained 
in the system of this Example was about 1 g/L. 

15 

The present application is accomplishment of "Basic study of process 
technology of environmentally compatible industry using high enzyme producing ability 
by mold" (2002) conducted as the commission study with research funding for 
promoting science and technology of Ministry Of Education, Science And Technology. 

20 

INDUSTRIAL APPLICABILITY 

The present invention provides a host microorganism capable of efficiently 
enhancing the expression of a gene when the gene is extraneously introduced. When 
a transformant obtained by introducing a gene encoding a target protein into the host 
25 microorganism is used, the target protein can be produced with high productivity. 



